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(54) Method and apparatus for allocating a pilot signal adapted to the channel characteristics 



(57) A set of different pilot structures are designed 
for use in different environments and/or different user 
behaviours that are expected to occurin a cell. The radio 
conditions for a user are estimated. Each user is then 
assigned an area (108A-E) in resource space for its 
communication which has a suitable pilot configuration. 
In one embodiment, the entire resource space is provid- 



ed with different pilot structures in different parts 
(110A-D) in advance and allocation of resources to the 
users are then performed in order to match estimated 
radio conditions to the provided pilot structure. In anoth- 
er embodiment, allocation is performed first, and then 
the actual pilot structure is adapted within the allocated 
resource space area to suit the environmental condi- 
tions. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates generally to wire- 
less multi-carrier communications systems and in par- 
ticular to resource allocation and pilot signals of such 
systems. 

BACKGROUND 

[0002] In a cellular multi-user, multi-carrier wireless 
communications system, the base station must accom- 
modate many users that each experiences different 
channel characteristics due to fading in time and fre- 
quency. Furthermore, different users travel at different 
speeds and thus experience different Doppler shifts. In 
most wirslsss systems, e.g. GSM (Global System for 
Mobile communications), WCDMA (Wideband Code Di- 
vision Multiple Access), WLAN (Wireless Local Area 
Network), special well known training sequences or pilot 
signals aretransmitted so that the receiver can estimate 
the channel parameters sufficiently well for detection of 
the data signal. Several methods exist to do this, some 
use user specific pilots and some use common pilots or 
combinations. Some pilots are code spread and overlaid 
with user data, others have dedicated time-frequency 
slots when pilots are transmitted. In any case, some part 
of the available radio resources must be allocated for 
pilots resulting in overhead that cannot be used for data. 
[0003] Today, there are a few multi-carrier systems in 
use. However, they are not particularly designed for the 
difficult, ever changing, hard-to-predict multi-user envi- 
ronments that are envisioned for future wireless sys- 
tems. 

[0004] For example, the systems for DVB/DAB (Dig- 
ital Video Broadcasting/Digital Audio Broadcasting) are 
broadcast systems that cannot take into account the 
need for individual users. Such systems must design 
their pilot structure according to the worst-case scenario 
so that detection becomes possible even under the 
worst possible conditions. Such a pilot structure gives 
rise to a substantial pilot overhead, and is indeed nec- 
essary in these worst-case scenarios. However, when- 
ever the situation is better than the worst case, which 
typically is the case most of the time, the pilot structure 
is unnecessarily extensive, giving an unnecessary pilot 
overhead for most users. The pilot overhead can indeed 
be substantial. This reduces data capacity in the own 
cell and furthermore increases the interference to the 
neighbouring cells (so called "pilot pollution"). 
[0005] Another example of a multi-carrier system is 
WLAN (i.e. IEEE 802.11a, IEEE 802. 11g). Such a sys- 
tem is designed for a limited geographical area in which 
the users are stationary orslowly moving. The design is 
not intended for conditions in which the user is moving 
quickly or for handling mobility in a multi-cellular envi- 
ronment. 
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SUMMARY 

[0006] The main problems with existing solutions are 
that pilot structures are either not at all suitable for con- 
5 siderably changing radio conditions or that they are de- 
signed for worst cases which in turn results in vast pilot 
overhead and "pilot pollution". 
[0007] An objective of the present invention is to pro- 
vide methods and devices for multi-user multi-carrier 
to wireless communications system, which are capable to 
provide all users with sufficient pilots without causing 
unnecessary pilot overhead and pilot pollution. Afurther 
objective of the present invention is to provide such 
methods and devices, which are easy to implement 
'5 within present and planned wireless systems. 

[0008] The above objectives are achieved by meth- 
ods and devices according to the enclosed patent 
claims. In general words, a set of different pilot struc- 
tures are designed for use in different environments 
20 and/or different general radiocharacteristicsthatareex- 
pected to occur in the cell. The radio conditions for a 
user are estimated, eitherfrom direct measurements or 
from knowledge about the cell characteristics, possibly 
combined with position information. Each user is then 
25 assigned an area in resource space for its communica- 
tion, which has a suitable pilot configuration. In one em- 
bodiment, the entire resource space is provided with dif- 
ferent pilot structures in different parts in advance and 
allocation of resources to the users are then performed 
30 in order to match estimated radio conditions to the pro- 
vided pilot structure. In another embodiment, allocation 
is performed first, and then the actual pilot structure is 
adapted within the allocated resource space area to suit 
the environmental conditions. For best performance, 
35 depending on such things as frequency selectivity, time 
selectivity (e.g. time dispersion and Doppler shift), and 
path loss the amount of pilot energy should be adapted 
and the 'distance' between pilots in the time-frequency 
domain needs to be changed, 
40 [0009] The radio resource space can have different 
dimensions. In multi-carrier systems, frequency is one 
dimension. Other dimensions that could be utilised with- 
in the present invention are time, code, antenna and/or 
spatial dimensions. One or several of these dimensions 
^5 span the radio resource space, in which the present in- 
vention is applied. 

[0010] By adapting the pilot structure to the environ- 
ment or set of environments likely to occur in the cell 
and allocating these pilots to the users most likely to 
so benefit from them, an overall efficiency is achieved. The 
amount of pilot overhead is then connected to the actual 
environments being accommodated. Difficult environ- 
ments require more overhead than simpler ones and 
hence pilot pollution is reduced on the average. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention, together with further objects 
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and advantages thereof, may best be understood by 
making reference to the following description taken to- 
gether with the accompanying drawings, in which: 

FIG. 1 is a schematic illustration of a multi-user wire- 
less communication system; 
FIGS. 2A and 2B are illustrations of pilot structures 
in time-frequency space, and the allocation of dif- 
ferent users to subspaces; 
FIG. 3A illustrates a radio resource space having a 
code dimension: 

FIG. 3B is an illustration of a pilot structure in the 
frequency-code sub-space; 
FIG. 4 is a flow diagram illustrating an embodiment 
of a method according to the present invention; 
FIGS. 5A, 5B and 6 are diagrams illustrating pilot 
structures in time-frequency space, and the alloca- 
tion of different users to subspaces according to 
embodiments of the present invention; 
FIGS. 7A and 7B are flow diagrams illustrating other 
embodiments of a method according to the present 
invention; 

FIG. 8 is aflow diagram illustrating a part of afurther 
embodiment of a method according to the present 
invention; 

FIGS. 9A to 9C are block diagrams of downlink ra- 
dio management devices of network nodes accord- 
ing to embodiments of the present invention; 
FIG. 1 0 is a block diagram of uplink radio manage- 
ment devices of network nodes according to em- 
bodiments of the present invention; 
FIG. 11 is a diagram illustrating pilot structures in 
time-frequency space having different intensities, 
and the allocation of different users to subspaces 
according to an embodiment of the present inven- 
tion; and 

FIGS. 12 and 13 are diagrams illustrating limited da- 
ta descriptions of regular pilot structure. 

DETAILED DESCRIPTION 

[0012] In the following description, OFDM (Orthogo- 
nal Frequency Division Multiplexing) systems are used 
for exemplifying the present invention. However, the 
present invention can also be applied to other multi-car- 
rier wireless communications systems. 
[0013] Fig. 1 illustrates a multi-user multi-carrier wire- 
less communications system 10, in this particular em- 
bodiment intended to be an OFDM system, Nonexclu- 
sive examples of other communications systems, in 
which the present invention is advantageously applica- 
ble, are EFDMA (Interleaved Frequency Division Multi- 
ple Access) systems, non-orthogonal or bi-orthogonal 
multi-carrier systems. A base station or access point 20 
communicates with two mobile stations or user equip- 
ments 30A, 30B. There is a downlink connection 22A 
between the access point 20 and the user equipment 
30A and an uplink connection 24A between the same 
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nodes. Likewise, there is a downlink connection 22B be- 
tween the access point 20 and the user equipment 30B 
and an uplink connection 24B between the same nodes. 
User equipment 30A is located at a relatively large dis- 
5 tance from the access point 20, but the speed 32A (il- 
lustrated as an arrow) of the user equipment 30A is 
small. User equipment 30b is located closer to the ac- 
cess point 20, but has a high speed 32B (also illustrated 
as an arrow). The user equipment 30A may have a rel- 
10 atively high need for repetitive pilots in the frequency 
dimension, since the propagation conditions for the dif- 
ferent carriers may differ considerably over the band- 
width in case of multi-path propagation with large delay 
spread. However, the radio conditions are probably 
'5 quite slowly varying with time due to the small speed of 
user equipment 30A. The user equipment 30B is close 
to the access point, and a pilot on one frequency can 
probably be used for channel estimations for many 
neighbouring carriers. However, the radio conditions are 
20 probably changing rapidly in time, whereby frequent pi- 
lots in time dimension are required. 
[0014] Fig. 2A is adiagram of a time-frequency space. 
This can represent a limited portion of the entire availa- 
ble radio resource space 100 in these two dimensions. 
25 Data is transmitted in quantities limited in time and fre- 
quency. These data quantities correspond to the small 
squares 104 in the diagram. Selected ones 102 of these 
data quantities contain pilot data and are illustrated in 
the diagram with hatching. The pilot structure is in this 
30 embodiment dispersed over the time-frequency space 
relatively uniformly. With this distribution, one data 
quantity out of 11 is occupied by pilot data. 
[0015] The useful data transmission rate is thereby re- 
duced by 1/11. The users of the user equipments 30A 
35 and 30B (Fig. 1) have allocated radio resources within 
the available radio resource space 1 00, Userequipment 
30A is allocated the resource sub-space indicated by 
108A, while user equipment 30B is allocated the re- 
source sub-space indicated by 1 08B. Both users are ex- 
40 periencing the same pilot density and the uniform distri- 
bution between the frequency and time dimensions, 
[0016] User 30B moves fast. The time between two 
consecutive pilot messages in time dimension is 11 time 
slots, and even if information from neighbouring fre- 
^5 quencies are used for channel estimation in the mean- 
time, at least 4time slots will pass between two consec- 
utive updates. The speed of user 30B is so high that this 
pilot structure is not sufficient for an acceptable quality 
of service. 

so [0017] However, arranging the pilot structure as in 
Fig. 2B will change the situation. Here, there is a new 
update in time dimension every second time slot, which 
well supports the fast moving user equipment. Despite 
this increased density in time direction, the total amount 

55 of pilot data quantities is reduced somewhat. Now only 
one data quantity out of 1 2 comprises a pilot. The over- 
head has decreased from 1/11 to 1/12 (about 9%). 
[0018] However, user equipment 30A now achieves 
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problems. This user equipment 30A moves slowly and 
is of limited use of the frequent updating in time. How- 
ever, it has need for more closely located pilots in fre- 
quency dimension instead. The pilot structure of Fig. 2B 
becomes very unsuitable for user equipment 30A. 
[0019] So far, onlytwo dimensions, time and frequen- 
cy, have been discussed. Fig. 3A illustrates a radio re- 
source space in three dimensions, time, frequency and 
code. In such a system, each data quantity will instead 
correspond to a small cube 104. Generalisation can be 
performed to higher order spaces, comprising e.g. an- 
tenna or space dimensions. In general, any radio re- 
source space in at least two dimensions, of which one 
is frequency, can be used with the present invention. 
[0020] Fig. 3B illustrates a pilot pattern in a frequency- 
code space for a specified time. In this example 16 dif- 
ferent codes are available and also 1 6 different frequen- 
cies. The illustrated pilot pattern leads to that the pilots 
are transmitted on all frequencies during the specified 
time duration, however spread out in the code dimen- 
sion. One code in each frequency is occupied by a pilot, 
whereas the remaining 1 5 codes are used for data trans- 
mission. 

[0021] As mentioned briefly above, more generally 
the antenna or spatial dimensions could also be part of 
the resource space. One example is that different fre- 
quency bands are allocated to different beams of a mul- 
ti-sector or fixed beam site, In this case, the spatial di- 
mension is part of the description since different pilot 
patterns may be deployed for the different beams that 
overlap in the spatial domain. With the grouping of re- 
sources in terms of antenna sectors or beams the pilots 
allocated to different users can change dynamically 
when the user for example moves between sectors and 
the sectors have different frequency bands allocated to 
them. In such cases, antenna or spatial dimension can 
also be used as additional dimensions in a total resource 
space, 

[0022] The flow diagram of Fig. 4 illustrates the main 
steps of an embodiment of a method according to the 
present invention. The procedure starts in step 200. In 
step 202, a number of pilot configurations are provided, 
which are believed to suit different radio conditions ap- 
pearing in the cell in question. At least two such pilot 
configurations are available, i.e. they can be handled by 
both sides of the transmission connection. The transmit- 
ter manages the sending of pilots according to this con- 
figurations and the receiver is capable of performing 
channel estimation based on the at least two pilot con- 
figurations. In step 204, an estimation of the radio con- 
ditions at the receiver is obtained. This estimation can 
be provided in many different ways. The actual radio 
conditions can be measured and evaluated. Another 
possibility is to assume an estimate from knowledge 
about the characteristics in the cell and possibly based 
on e.g. location and/orspeed of the receiver relative the 
transmitter. 

[0023] In step 206, a user is allocated resources in 
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resource space, which have a pilot configuration that is 
matched to the estimated radio conditions. This match- 
ing can be performed in different manners, described 
more in detail further below. The procedure stops in step 

5 299. Anyone skilled in the art realises that step 202 pref- 
erably is performed once, and the provided pilot struc- 
tures can then be used for any future allocation of users, 
or re-allocation of existing users. 
[0024] A few examples, using OFDM as an example 

to system, will be used to visualise the effect of the present 
invention. The basic setup in Fig. 5A is assumed as fol- 
lows. During a certain time period and seen over all fre- 
quency resources, the available radio resources consti- 
tute a grid of basic resources that can be used for data, 

'5 control signalling or pilot signals or other signals as dis- 
cussed earlier. The resolution in frequency dimension is 
one OFDM carrier and in time it is one OFDM symbol. 
Pilot symbols are as above depicted with hatched box- 
es. 

20 [0025] The transmitter side, in this example assumed 
to be the base station, determines a number of different 
pilot patterns and assigns these pilot patterns to differ- 
ent parts of the entire radio resource space. The pilot 
patterns may for example be periodically recurring with 
25 some period or pseudo-randomly designed. This means 
that different parts of the radio resource space have a 
denser or at least differing pilot pattern than other parts. 
Each pilot pattern is intended to accommodate users ex- 
periencing different channel characteristics. 
30 [0026] This is illustrated in Fig. 5A. The entire radio 
resource space illustrated is divided into four rectangu- 
lar parts, 110A-D. The resource space part 11 OA has a 
pilot pattern, having a dense occurrence in time dimen- 
sion (every second OFDM symbol at certain carriers), 
35 but a more dispersed behaviour in the frequency dimen- 
sion (only every sixth OFDM carrier). The resource 
space part 11 0B has a very diluted pilot pattern, having 
only one pilot in 36 resource units, evenly spread in time 
and frequency dimensions. The resource space part 
40 1 1 0C is the opposite of part 1 1 0A, with a dense pilot pat- 
tern in frequency dimension, but sparse in time dimen- 
sion. Finally, resource space part 110D has a very dense 
pilot structure in both dimensions, comprising a pilot 
symbol in every fourth resource unit. 
^5 [0027] According to one embodiment of the invention, 
the users are now allocated to the different parts of the 
radio resource space dependent on their estimated ra- 
dio conditions. In other words, whenever a certain user 
has certain demands, the user is assigned resources in 
so the resource space where pilots with the appropriate 
density can be utilised for channel estimation. In the sit- 
uation in Fig. 5A, there are pilot structures suitable for 
typically four combinations of Doppler and delay spread. 
In part 11 OA, the pilot structure is intended for a large 
55 Doppler and low delay spread. In part 11 0B, the pilot 
structure is intended for a low Doppler and low delay 
spread. In part 11 0C, the pilot structure is intended for 
a low Doppler and high delay spread. In part 110D, the 
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pilot structure is intended for a high Doppler and high 
delay spread. 

[0028] Afirstuser, having radio conditions demanding 
a high density of pilots in both dimensions is allocated 
to the resource sub-space 1 08A within the part 1 1 0D. A 
second user, only having needfor dense pilot in thetime 
dimension is allocated resources in a resource sub- 
space 108B within the part 11 OA. A third user with very 
favourable radio conditions is allocated to a resource 
sub-space 108C in part 11 OB. Finally, two more users, 
having high demands on pilot density are given resourc- 
es in two sub-spaces 108D and 108E ; respectively in 
part 11 0D. One realises that each user has achieved a 
pilot pattern that is suited to its individual needs. It is 
beneficial, e.g. to assign resources for mobiles with cer- 
tain fast varying channel or Doppler conditions in the 
dense parts of the pilot pattern and users with more 
slowly varying conditions in the less dense parts. 
[0029] Note that the base station does not need to 
transmit all pilots at all times. Only pilots that in fact can 
be utilised by any user needs to be transmitted. If a pilot 
resource at time of transmission cannot be utilised by 
any data symbol that some user need to detect with the 
help of said pilot, then the pilot need not be transmitted. 
In such a way, the overall pilot pollution is reduced, and 
so is the average transmission power. 
[0030] In Fig. 5B, a further embodiment of the present 
invention is Illustrated. Assume the same situation as 
was present in Fig. 5A. Three users are occupying all 
resources in the densest part 110D. If yet another user 
with need for a very dense pilot configuration appears, 
the pre-defined pilot configuration plan of Fig. 5A be- 
comes insufficient. However, the new user can be allo- 
cated to a free resource sub-space 108F, preferably in 
connection with the part 1 1 0D. This sub-space 1 08F had 
originally a pilot pattern according to part 110C, but 
when allocating the user, the pilot pattern Is adjusted to 
match the demands put by the new user. In such a way. 
the original p re-determined division into different parts 
in the resource space can be adapted to the actual need. 
However, if a good initial configuration is used, most 
cases are covered and the frequency of adjustments is 
low. 

[0031] Now, return to the situation of Fig. 5A. If the 
user having the allocation of sub-space 108E slows 
down, the estimated radio conditions change, and the 
need for pilots is reduced. The user can then be reallo- 
cated to another sub-space of the resource space, hav- 
ing a more suitable pilot configuration for the new esti- 
mated radio conditions, e.g. to part 1 1 0C. An alternative 
is to keep the allocated sub-space but instead change 
the pilot pattern to a more suitable one for the new con- 
ditions. 

[0032] The ideas of adjusting or adapting the pilot 
configuration when needed can also be brought to the 
extreme end, where no pilot pattern at all is preconfig- 
ured for the different parts of the resource space. In- 
stead, there is always an adjustment of pilot pattern for 



all users. This is schematically illustrated in Fig. 6. Here, 
a first user was assigned a sub-space 1 08A, without as- 
sociated pre-defined pilot pattern. The pilot pattern was 
then adjusted according to the actual needs as conclud- 
5 ed from the estimated radio conditions. In this case a 
dense pattern was selected. A second user was allocat- 
ed to sub-space 1 08B and subsequently, a suitable pilot 
pattern was selected for this sub-space. In such a way. 
all the sub-spaces 108A-F were associated with pilot 
to configurations suitable for each individual need. Sub- 
spaces not allocated to any user do not comprise any 
pilots in such an approach. A user with certain estimated 
properties is thus allocated to use certain resources and 
the pilot pattern Is designed accordingly. The result is 
'5 the same as the previous embodiments, pilot patterns 
and user characteristics are matched. 
[0033] The above embodiments can also be ex- 
pressed in flow diagrams. In Fig. 7A, aflow diagram cor- 
responding to the situation in Fig. 5A is illustrated. The 
20 resource space is in step 203 provided with at least two 
different pre-determined pilot configurations at different 
parts of the resource space. Step 204 is unchanged 
compared to Fig. 4. In step 207, the matching of the ra- 
dio conditions and pilot structures is performed by se- 
25 lecting a suitable resource space. 

[0034] The situation in Fig. 5Bis illustrated by the flow 
diagram of Fig. 7B. Also here, pre-defined pilot config- 
urations are associated with different parts of the re- 
source space in step 203. In step 205, it is determined 
30 whether there is any available resources in parts that 
are suitable for the particular estimated radio conditions 
for the user to be allocated. If there are resources with 
suitable pilot structures available, the procedure contin- 
ues to step 207, as in Fig. 7A. If no resource space with 
35 appropriate pilot structure is available, any free resource 
space is allocated in step 209, however, preferably in 
the vicinity of the part having a suitable pilot pattern. In 
step 210, the pilot configuration is adapted within the 
selected resource sub-space to match the estimated ra- 
40 dio conditions. 

[0035] The embodiment illustrated in Fig. 6 can simi- 
larly be illustrated by the part flow diagram of Fig. 8. 
Here, the step 206 in Fig. 4 is described in more detail. 
In step 208, an area is selected as a resource sub-space 
^5 for the user. In step 210, the pilot configuration in the 
selected area is adapted to the need connected to the 
estimated radio conditions of the user. Note the similar- 
ities between Fig. 7B and Fig. 8. 
[0036] The present invention can be implemented for 
so wireless communication between any nodes in a com- 
munications system. Such nodes can be e.g. user 
equipment, mobile station, base station, access pointor 
relay. In the examples below, the most straightforward 
situation with communication between a base station 
55 and a user equipment will be discussed as an example. 
The scope of the claims should, however, not be affect- 
ed by this example. 

[0037] Multi-carrier communication is typically most 
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applied in downlink connections. In Fig. 9A, a wireless 
communications system according to an embodiment of 
the present invention is illustrated. A base station 20 
communicates with a mobile terminal 30 via an uplink 
24 and a downlink 22 connection. In the downlink com- 
munication, the ideas of the present invention are im- 
plemented. The base station 20 comprises a downlink 
control unit 25, which is enlarged in the lower part of Fig. 
9A. The downlink control unit 25 is responsible for allo- 
cating resources for communication on the downlink 22 
between the base station 20 and the mobile terminal 30 
and comprises in turn a pilot manager 26 and a radio 
condition processor 2B. Similarly, the mobile terminal or 
user equipment 30 also comprises a downlink control 
unit 35, also enlarged in the lower part of Fig. 9A. The 
downlink control unit 35 comprises a channel estimator 
36 and a measurement unit 38 for radio conditions. 
[0038] The radio conditions measurement unit 38 
measures the actual radio conditions at the user equip- 
ment 30. Such measurements can comprise e.g. Dop- 
pler shift and signal strength as well as power delay pro- 
file, channel impulse response, time and frequency se- 
lectivity measurements and interference levels. The re- 
sults of the measurements are transferred to the radio 
conditions processor 28 of the base station 20, prefer- 
ably by the uplink communication link 24. The radio con- 
ditions processor 2B evaluates the measured conditions 
and translates it to estimated radio conditions forthe us- 
er equipment 30. In other words, the radio conditions 
processor 28 obtains data associated with estimated ra- 
dio conditions for the user equipment 30, In a basic ver- 
sion, the estimated radio conditions could e.g. comprise 
two flags, one indicating low or high Doppler shift and 
one indicating small or large delay spread. When having 
a radio resource space in frequency and time dimen- 
sions, quantities associated with coherence bandwidth 
and coherence time, respectively, are of interest. The 
estimated radio conditions are forwarded to the pilot 
manager 26, which performs the actual selection and/ 
or adjustment of resource sub-spaces. The pilot man- 
ager 26 thus provides access to the use of the different 
pilot configurations. When pre-defined pilot patterns are 
used, the pilot managerselects in which part of the multi- 
carrier space the allocated resource sub-space will be 
placed. Without pre-defined patterns in different parts of 
the multi-carrier space, the pilot manager 26 comprises 
functionalities for selecting a multi-carrier sub-space for 
allocation and functionalities to adapt the pilot pattern 
of that selected sub-space according to the estimated 
radio conditions. When the pilot manager has decided 
what pilot pattern to apply, the user equipment 30 has 
to be informed about the selection, in order to be able 
to perform the right channel estimation upon reception 
of the data. The pilot manager 26 thus comprises means 
for transferring suitable data to the channel estimator 
36. 

[0039] In Fig, 9B ; another embodiment is illustrated, 
where the base station 20 has the entire responsibility 



for the selection of pilot structure. The downlink control 
unit 25 here also comprises a position estimator 29. The 
position estimator 29 provides an estimation of the po- 
sition of the user equipment 30 and preferably also the 
5 velocity. This can be performed in any manner, e.g. ac- 
cording to prior art methods, and is not further discussed 
here. The position is forwarded to the radio condition 
processor 28. The radio condition processor 28 has ac- 
cess to knowledge about the different environments 
to within the cell. A cell could e.g. cover a first area having 
generally slowly moving user equipments, and a second 
area, were the average speed is considerably higher. 
The position estimation could reveal the location of the 
user equipment, i.e. if it is situated in the high- or low- 
's speed area. From such information, the radio condition 
processor 28 can conclude what radio conditions that 
should be assumed for the user equipment. Such esti- 
mation then forms the base on which the pilot pattern is 
selected. 

20 [0040] In Fig. 9C, yet another embodiment is illustrat- 
ed. In this embodiment, the user equipment 30 makes 
more efforts in the procedure to find suitable pilot struc- 
tures. The downlink control unit 35 here additionally 
comprises a radio conditions processor 39. This means 
25 that both the measurements and the evaluation of the 
measurements are performed in the user equipment 30. 
The estimated radio conditions are reported to the base 
station 20, e.g. in the form of data representing coher- 
ence bandwidth and coherence time, respectively. Al- 
so ternatively, the radio conditions processor 39 can also 
select an appropriate pilot pattern and transmit a re- 
quest to use such a pattern to the base station 20. The 
base station 20 can in such a case eitherfollowthe rec- 
ommendation or overrule it and make an own decision. 
35 [0041] Fig. 10 illustrates one possible configuration 
for uplinkcommunication. The base station 20 compris- 
es an uplink control unit 45, in turn comprising a radio 
conditions measurement unit 21, a radio conditions 
processor 28 and a pilot manager 26, The operations of 
40 the units are similar to the ones in the downlink case, 
but adapted for uplink communication instead, i.e. it is 
the radio conditions of the received signals from the user 
equipment 30 that are of importance. The pilot manager 
26 decides which pilot pattern that is appropriate to ap- 
^5 ply and transmits a request to an uplink control unit 55 
in the user equipment 30. In a basic version, the uplink 
control unit 55 simply applies the proposed pilot pattern 
on its uplinktraffic. The uplinkcontrol unit 35 of the base 
station 20 also comprises a channel estimator 27 in or- 
so derto be able to detect the data sent on the uplink. This 
channel estimator 27 is also informed about the pilot 
structure to use. 

[0042] Fig. 11 illustrates yet another embodiment of 
the present invention, in which one makes use of the 
55 possibilities to vary the intensity to reduce pilot pollution. 
In parts 1 1 0A and 1 1 0D, all or some of the pilot data is 
marked to be transmitted with a lower (orzero) intensity. 
If a user equipment using the pilot signals is close to the 
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base station, the transmission power does not have to 
be equally high to obtain a reasonable channel estima- 
tion compared with user equipments situated further 
away from the base station, In such a way, it is also pos- 
sible to vary the pilot intensity throughout the resource 
space. Such intensity configurations can as above be 
performed either in advance or as adjustment proce- 
dures. 

[0043] The pilot symbols can also be transmitted with 
different power for different classes of users and de- 
pending on path loss. The power levels can either be 
dynamically varying between zero and a given number 
P max or be defined in advance. Note that a power level 
equal to zero is equivalent to no pilots for this slot, en- 
abling the use of this slot for other purposes, such as 
data. If the power is dynamically varying, the power lev- 
els have to be signalled to the receiver for appropriate 
treatment. 

[0044] When there are several possible pilot patterns 
to use in a system, the receiver has to be informed about 
which one is actually used. If a numbered set of pre- 
determined pilot patterns are used, the identification 
number of the pilot pattern is sufficient. However, more 
elaborate systems can use different pilot patterns for dif- 
ferent cells and the numbering of patterns can be difficult 
to manage. In such a case, a solution is to transfer a 
complete description of the pilot pattern to be used. For 
regular pilot patterns, the amount of data that is needed 
to uniquely define the patterns is quite limited. 
[0045] In Fig. 12, a pilot pattern is illustrated within a 
resource sub-space in frequency and time dimensions. 
The resource sub-space is reported anyway, and is typ- 
ically defined by frequency and time "coordinates" and 
the number of frequency DF and time DT slots that are 
comprised in the sub-space. The pilot pattern is then 
easily characterised by only three vectors in the (two- 
dimensional) resource space, A first vector V0 defines 
the "distance" in frequency and time, respectively, be- 
tween a well-defined position in the sub-space, e.g. the 
lower left corner as illustrated in the picture, and any 
pilot data within the pattern. A second vector V1 defines 
a "relative distance" between the two closest pilots in 
the pattern. A third vector V2 defines a "relative dis- 
tance" between the second closest pilots, that is not 
aligned with the first vector V1 . By knowing only these 
vectors, the entire pilot pattern can easily be calculated. 
[0046] Also somewhat more complicated patterns 
can befit into a similar model. In Fig. 13. a pattern having 
two neighbour pilots distributed in pairs over the re- 
source space. In order to describe this pattern, only one 
extra vector is needed, the relative vector between the 
two pilots in each pair. Anyone skilled in the art realises 
that with a very limited number of data, rather complex 
pilot patterns can easily be defined. 
[0047] It will be understood by those skilled in the art 
that various modifications and changes may be made 
to the present invention without departure from the 
scope thereof , which is defined by the appended claims. 
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Claims 

1 . Method for wireless communication in a multi-user, 
multi-carrier communications system (10), compris- 
5 ing the steps of: 

allocating a first resource sub-space (108A-F) 
of an entire multi-carrier resource space (100) 
forcommunication between af irst node (20, 30; 
10 30A-B) and a second node (20, 30; 30A-B), 

characterised by the further step of 

obtaining data associated with estimated radio 
is conditions for the second node (20 30; 30A-B). 

providing access to the use of at least two pilot 
resource configurations, intended for different 
estimated node radio conditions, 

whereby the first resource sub-space is 
20 associated a first pilot resource configuration, 

being in agreement with pilot need for the esti- 
mated radio conditions forthe second node (20, 
30; 30A-B) . 

25 2. Method according to claim 1, characterised in that 

the entire multi-carrier resource space (100) being 
divided into parts (110A-D) having different pilot re- 
source configurations: 

whereby the step of allocating comprises the 
30 step of selecting the first resource sub-space 
(108A-F) in a part having a pilot resource configu- 
ration suitable forthe estimated radio conditions for 
the second node (20, 30; 30A-B). 

35 3. Method according to claim 2, characterised by the 

further steps of: 

- selecting, if no resource space part (110A-D) 
having a pilot resource configuration suitable 
40 for the estimated radio conditions for the sec- 

ond node (20, 30; 30A-B) is available, an arbi- 
trary first multi-carrier resource sub-space; and 
adapting the pilot resource configuration within 
the first multi-carrier resource sub-space to suit 
^5 the estimated radio conditions for the second 

node (20, 30; 30A-B). 

4. Method according to claim 1 , characterised by the 

step of: 

selecting the first multi-carrier resource sub- 
space; and 

adapting the pilot resource configuration within 
the first multi-carrier resource sub-space to suit 
55 the estimated radio conditions for the second 

node (20, 30; 30A-B) after the step of selecting. 

5. Method according to any of the claims 1 to 4, char- 
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acterised in that the multi-carrier resource space 
(100) has a time dimension. 

6. Method according to any of the claims 1 to 5, char- 
acterised in that the multi-carrier resource space 
(100) has a code dimension. 

7. Method according to any of the claims 1 to 6, char- 
acterised in that the multi-carrier resource space 
(100) has a spatial dimension. 

8. Method according to any of the claims 1 to 7, char- 
acterised in that the step of obtaining in turn com- 
prises the step of estimating a set of estimated radio 
conditions. 

9. Method according to claim S, characterised in that 

the set of estimated radio conditions comprises at 
least Doppler conditions. 

10. Method according to claim 8 or 9, characterised in 
that the set of estimated radio conditions comprises 
at least delay spread conditions. 

1 1 . Method according to any of the claims 8 to 1 0, char- 
acterised in thatthe step of estimating is based on 
position and/or velocity information concerning the 
second node (20, 30; 30A-B). 

12. Method according to any of the claims 1 to 11, char- 
acterised in that the step of obtaining comprises 
the step of receiving instructions and/or sugges- 
tions about preferred pilot resource configuration. 

13. Method according to any of the claims 1 to12, char- 
acterised in that the first node is selected from the 
group of: 

user equipment; 
mobile station; 
base station; 
access point; and 
relay. 

14. Method according to any of the claims 1 to 13, char- 
acterised in that the second node is selected from 
the group of: 

user equipment; 
mobile station; 
base station; 
access point; and 
relay. 

15. Method according to any of the claims 1 to14, char- 
acterised in that resources of the first resource 
sub-space are allocated for downlink communica- 
tion (22; 22A-B). 



16. Method according to claim 15, characterised in 

that the step of obtaining data associated with es- 
timated radio conditions for the second node (20, 
30; 30A-B) is performed in a base station or access 
5 point (20). 

17. Method according to claim 16, characterised by 

the further step of transferring data characterising 
the first pilot resource configuration from the base 
to station or access point (20) to the second node (20, 
30; 30A-B). 

18. Method according to any of the claims 1 to ^.char- 
acterised in that resources of the first resource 

'5 sub-space are allocated for uplink communication 
(24; 24A-B). 

19. Method according to claim 18, characterised in 

that the step of obtaining data associated with es- 
20 timated radio conditions for the second node (30; 
30A-B) is performed in a base station or access 
point (20), followed by the step of transferring the 
data associated with estimated radio conditions for 
the second node (30; 30A-B) to the second node 
25 (30; 30A-B). 

20. Method according to claim 18, characterised in 

that the step of obtaining data associated with es- 
timated radio conditions for the second node (30; 
30 30A-B) is performed in the second node (30; 
30A-B). 

21. Method according to claim 20, characterised by 

the further step of transferring data characterising 
35 the first pilot resource configuration from the second 
node (30; 30A-B) to the first node (20, 30; 30A-B). 

22. Method according to any of the claims 1 to 21 , char- 
acterised in that retraining from transmitting pilots 

40 in areas of the entire multi-carrier resource space 
(100) not being allocated 

23. Method according to any of the claims 1 to 22, char- 
acterised in that the wireless communication uti- 

45 lisesOFDM. 

24. Method according to any of the claims 1 to 23, char- 
acterised in that the available at least two pilot re- 
source configurations comprises different distribu- 
te tion patterns of pilot symbols in the multi-carrier re- 
source space (1 00). 

25. Method according to claim 24, characterised in 

that the available at least two pilot resource conf ig- 
55 urations further comprises transmission of pilot 
symbols with differing intensity. 

26. Arrangement being or comprising a first node (20, 
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30; 30A-B) of a multi-user, multi-carrier wireless 
communications system (1 0). the first node (20. 30; 
30A-B) comprising: 

means (25) for allocating a first resource sub- 
space of an entire multi-carrier resource space 
(1 00) for communication between the first node 
(20. 30; 30A-B) and a second node (20. 30; 
30A-B). 

characterised by 

means (28, 29, 38, 39) for obtaining data asso- 
ciated with estimated radio conditions for the 
second node (20, 30; 30A-B), and 
means (26) for providing access to the use of 
at least two pilot resource configurations, in- 
tended for different estimated node radio con- 
ditions, 

whereby the first resource sub-space 
comprises a first pilot resource configuration, 
being in agreement with pilot need for the esti- 
mated radio conditions forthesecond node (20, 
30; 30A-B) . 

27. Arrangement according to claim 26, characterised 
in that the entire multi-carrier resource space (100) 
being divided into parts (110A-D) having different 
pilot resource configurations; 

whereby the means (25) for allocating being 
arranged for selecting the first resource sub-space 
in a part having a pilot resource configuration suit- 
able for the estimated radio conditions for the sec- 
ond node (20, 30; 30A-B). 

28. Arrangement according to claim 26, characterised 
in that the first node (20, 30; 30A-B) further com- 
prises: 

means for selecting the first multi-carrier re- 
source sub-space; and 

means for adapting the pilot resource configu- 
ration within the first multi-carrier resource sub- 
space to suit the estimated radio conditions for 
the second node (20, 30: 30A-B), the means for 
adapting being connected to an output of the 
means for selecting 

29. Arrangement according to any of the claims 26 to 

28, 

characterised in that the first node (20, 30; 30A-B) 
further comprises: 

means for transferring data characterising the 
first pilot resource configuration from the first 
node (20, 30; 30A-B) to the second node (20, 
30; 30A-B) 



30. Arrangement according to any of the claims 26 to 
29, 

characterised in that the means (28, 29, 3B, 39) 
for obtaining data associated with estimated radio 
5 conditions for the second node (20, 30; 30A-B) in 
turn comprises a receiver for receiving instructions 
and/or suggestions about preferred pilot resource 
configuration from the second node (20, 30; 30A-B). 

to 31. Arrangement according to any of the claims 26 to 
30, 

characterised in that the arrangement is a wire- 
less communications system (10). 

'5 32. Arrangement according to any of the claims 26 to 
31, 

characterised in that the arrangement utilises 
OFDM. 

20 33. Arrangement according to any of the claims 26 to 

32, 

characterised in thatthefirst node is selected from 
the group of: 

25 user equipment; 

mobile station; 
base station: 
access point; and 
relay. 

30 

34. Arrangement according to any of the claims 26 to 
33, 

characterised in that the second node is selected 
from the group of: 

35 

user equipment; 
mobile station; 
base station: 
access point; and 
40 relay. 

35. User equipment capable of being connected to a 
multi-user multi-carrier wireless communications 
system, comprising: 

45 

means (35) forcommunication between the us- 
er equipment (30) and a node (20, 30; 30A-B) 
utilising a first resource sub-space (108A-F) of 
an entire multi-carrier resource space (100). 

characterised in that 

the first resource sub-space (1 08A-F) compris- 
es a first pilot resource configuration, out of a 
55 set of at least two different pilot resource con- 

figurations, and 

whereby the first pilot resource configuration 
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being in agreement with pilot need for estimated ra- 
dio conditions for the user equipment (30). 

. User equipment according to claim 35, character- 
ised by 

receiver for receiving data characterising the 
first pilot resource configuration from the node 
(20, 30; 30A-B); 

means (36) for channel estimation, connected 
to the receiver, 

whereby the means for channel estimation 
(36) is arranged to perform channel estimation 
based on the received data characterising the first 
pilot resource configuration. 
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